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Fiscal indicators for resource-rich and resource-poor lowand middle-income countries are compared using annual data from 1996 to 2012. Resource richness is defined by export composition: fuel greater than a 25 percent share and/or ores and metals greater than a 10 percent share. Fuel exporters have a significantly better general government fiscal balance than the rest of the sample, and higher revenues and expenditures, which are approximately evenly split between extra consumption expenditure and extra capital expenditure. Only about a quarter of their extra revenue goes into extra consumption expenditure, and this proportion has been lower since 2005. Fuel exporters' expenditure reacts with a lag to oil price fluctuations. There are no significant differences between ores and metals exporters and resource-poor countries, or between new and old resource exporters, in aggregate expenditures and revenues. Ores and metals exporters spend more on investment and less on government consumption. Some individual country cases are briefly discussed.
Introduction
In the 1980s and 1990s it became quite fashionable to regard natural resources as a curse whose potential benefits were entirely wasted. Perhaps this view reached its high point with the research on cross-country growth by Sachs and Warner (1997, 2001) , in which a measure of specialization in natural resource exports entered the growth equation with a strongly negative coefficient.
Bleaney and Nishiyama (2002) confirmed this result. Since then, it has been recognized that some countries, such as Botswana, seem to have managed their natural resources quite well and achieved rapid growth, and that, despite particular examples of gross mismanagement, the overall experience is varied (e.g. IMF, 2012) . Authors such as Brunnschweiler and Bulte (2008) questioned whether natural resources were in fact associated with slower growth after all; in part the debate turned on how natural resource endowment was measured. Mehlum, Moene, and Torvik (2006) showed that the quality of institutions was critical to the correlation between natural resource endowments and growth; they added an interaction term between natural resources and institutional quality to their cross-country growth regression and found that it had a significant positive coefficient. The magnitudes were such that natural resources were estimated to be bad for growth in the presence of poor institutions, but good for growth where there were good institutions. Variations across regions also must be recognized: resource-rich Latin America and Africa have grown far more slowly in recent decades than resource-poor East and South Asia, so natural resource effects may sometimes be confounded with unobserved regional factors. Moreover, institutional quality measures tend to be based on human judgment rather than hard data, so they may be somewhat endogenous to macroeconomic performance.
Nevertheless, it is clear that in some cases natural resource endowments are wasted. But why? Van der Ploeg (2011) provides a recent extensive survey. There is some evidence that the natural resource curse is worse in presidential than in parliamentary political systems. Price volatility of natural resource exports may also be a negative factor. Resources may induce voracious rentseeking and civil conflict. Van der Ploeg (2011) discusses the empirical evidence in relation to these hypotheses in some detail. But when he comes to "unsustainable government policies," which, presumably, refer primarily to fiscal policy, he seems to find very little empirical evidence to draw on.
Providing such evidence is the main aim of this paper. We compare fiscal performance in resourcerich and resource-poor countries in a way that, as far as we are aware, has not been done in previous research.
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Some Theory
According to the permanent income hypothesis (PIH), a resource discovery should lead to an increase in consumption that is smoothed over all future periods. Because the increase is smoothed, consumption will not be correlated with the flow of income from resource extraction. In the period between resource discovery and the start of extraction, there will be dis-saving, since consumption increases from the moment of discovery. Savings will be high during the extraction period, and then there will be dis-saving again after extraction ends, when consumption is sustained by the flow of income from and the gradual depletion of other assets acquired during the extraction period.
An alternative model allows for the possibility that, in developing countries, there may be high returns to domestic investment projects that remain unexploited-for example, because of the expropriation risk for foreign investors. Resource extraction provides the means to invest in these projects, which offer a higher return than the world market. It then pays to divert some of the additional consumption that would occur before extraction begins to investment, and to allow consumption to be higher during the extraction period, relative to the PIH path; nevertheless there is still a considerable degree of consumption smoothing (Collier and others 2010, figure 3 ).
For simplicity, these models assume that the value of the resource stock in terms of other goods is known. That assumption abstracts from uncertainty about the true quantity of reserves, future extraction technology, and future relative price of resources. Commodity prices are known to be volatile, and there has been a long debate about whether or not they exhibit a downward trend.
Harvey and others (2010) find that many of them do, and also that there tend to be long cycles of 20 to 40 years' duration. Volatility is enhanced by the fact that the price depends on past investment decisions, which in turn reflect expectations of the future price. In the Appendix a simple model is used to show that, in the absence of producer collusion, in these circumstances the time series properties of the price are likely to be time varying, which makes forecasting particularly difficult.
All these uncertainties suggest a cautious approach to the spending of resource revenues, so as not to overestimate the permanent increase in wealth.
Government revenues may be affected by resource wealth, particularly if the assets are state owned or generate considerable royalties. Smoothing consumption requires that extra revenues are largely saved, either as an improved fiscal balance or as capital expenditure. If revenues are sensitive to commodity prices, then the appropriate response to price fluctuations depends very much on the perceived dynamics of prices. If prices are perceived to be nonstationary, then the estimated value of unextracted resources moves with the current price, and so does planned consumption in every period. As the model in the Appendix suggests, there is a strong case that, in the long run, supply and demand will respond to price changes-even if the short-run elasticities are low, which would make prices stationary. If prices are stationary, however, it is optimal to maximize extraction when prices are high and to minimize it when prices are low. This would cause government revenues to be more volatile than price; if at the same time consumption is to stay largely unaffected, in accordance with the PIH, fluctuations in revenues should be absorbed largely by capital expenditure and the fiscal balance.
The theory of optimal resource abstraction assumes that the resources in the ground are finite and known. This is very much a matter of debate, particularly in relation to oil, where new technology such as fracking has made more reserves accessible.
In terms of assessing fiscal performance, a natural test is whether resource wealth is associated with higher government saving or, in other words, whether there is less government consumption expenditure relative to revenue, and whether the saving takes the form of a stronger fiscal balance or higher capital expenditure. This is the issue that we address here. A second aspect of the resource curse issue, which we do not discuss here, is the possibility that even when the revenues are largely saved, they may nevertheless be wasted-for example, in ill-conceived or inefficiently implemented investment projects.
Resource Wealth and Fiscal Performance
In this section we examine the correlation between resource wealth and a number of fiscal variables, using annual data for low-and middle-income countries back to 1996. Fiscal data are scarce before that date, so the sample can be extended further back for only a very few countries.
We capture resource wealth by the share of exports represented by fuel or ores and metals, transformed into dummy variables that are equal to 1 if the export share is above a threshold level.
For fuels, we use a threshold of 25 percent; for ores and metals, the threshold is 10 percent. Each of these dummy variables is equal to 1 for just over 20 percent of the sample, but it is rare for both of these dummies to be 1 (2.5 percent of the sample). Using dummy variables for export shares exceeding a certain threshold rather than the export shares themselves focuses the analysis on the differences between resource-rich and resource-poor countries, rather than on the degree of resource richness. This binary approach eliminates the variation among resource-rich countries, but it has the important advantage that it prevents the results from being dominated by a few extreme cases where practically 100% of exports consist of fuel. Hard pegs are identified using the annual exchange-rate regime classification of Bleaney and Tian (2014) , mainly because the data run to 2012. It is well known that different exchange-rate classification schemes do not agree with one another, so in principle choosing a classification scheme might make a difference (Tavlas, Dellas, and Stockman 2008) , but this seems unlikely in this case since the disagreements between classification schemes do not lie in the identification of hard pegs. As Bleaney and Tian (2014) show, this classification scheme, which is based on purely statistical criteria, is quite similar to the International Monetary Fund's (IMF's) de facto classifications. Table 1 shows regressions for the general government fiscal balance, total revenues, and total expenditures, all as a percentage of gross domestic product (GDP). There are more than 1,360 6
observations. The fiscal balance shows no particular time trend, but it is significantly better in hardpeg regimes, politically stable countries, and fuel-exporting countries, but not in countries that export ores and metals. The estimated coefficients suggest that being on a hard peg is associated with an improvement in the fiscal balance of 1.4 percent of GDP, while the effect of being a fuel exporter is much greater: 4.8 percent of GDP. The coefficient of the ICRG political risks measure implies that a ten-point improvement in this measure (which is approximately equal to one standard deviation) adds about 0.6 percent of GDP to the fiscal balance.
Columns 2 and 3 of table 1 show that there is a highly statistically significant upward trend to both revenues and expenditures, of about 0.3 percent of GDP per annum in each case. In fact every coefficient has the same sign in column 3 as in column 2, which shows that in every case the estimated effect on the fiscal balance is the result of offsetting effects on revenues and expenditures.
In the case of hard pegs, both revenues and expenditures are significantly lower than under other exchange-rate regimes, but the fiscal balance is better because the expenditure effect is larger. For fuel exporters, the estimated revenue effect of 9.5 percent of GDP is nearly twice as large as the estimated expenditure effect. Politically stable countries have considerably higher revenues and expenditures than unstable ones.
The finding that fuel exporters have higher revenues and expenditures is consistent with the view that developing countries find taxes costly and difficult to collect, which limits the size of their government sector. This argument is often used to explain these countries' tendency to rely on trade taxes (Keen and Mansour 2010) . The oil and gas sector is relatively easy to tax, which enables fuel exporters to finance higher government expenditure. Nevertheless, the fact that their fiscal balances tend to be better shows that not all of the extra revenue is spent. Table 2 contains a similar regression analysis of different components of expenditure as a share of GDP: consumption expenditure, capital expenditure, and expenditure on wages. The additional expenditure of fuel exporters seems to be fairly evenly split between consumption and capital expenditure, and the extra expenditure on wages is only just significant at the 5 percent level.
Although exports of ores and metals are not associated with higher expenditure overall, they are associated with significantly higher capital expenditure and lower consumption expenditure. Hardpeg regimes have considerably lower consumption expenditure, by 4.4 percent of GDP, and lower wage expenditure, but not lower capital expenditure. Political stability is associated overwhelmingly with higher consumption and wage expenditure, but slightly lower capital expenditure. There is a question of whether these results are unduly influenced by outliers. Robust regression is a technique that minimizes the weighted sum of squares of residuals, with observations weighted between zero and one based on Cook's distance statistic, which measures the effect on the fitted values of deleting a particular observation. Outliers tend to have low (sometimes even zero) 8 weights. A zero weight is of course equivalent to omission of that observation from the sample. An iterative procedure is required because the weights affect the estimated coefficients and therefore the residuals on which the weighting formula is based. Table 3 shows the results of reestimating the regressions in table 1 by robust regression. 
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The general conclusion from Any device that is effective in reducing inflation, and therefore seigniorage revenue, might have the effect of improving the fiscal balance in the same way as hard pegs. Table 4 shows the effect of adding a dummy for an inflation-targeting regime to the table 1 regression. This variable is never significant, however.
Do countries behave differently when they first become commodity exporters? To examine this issue, we construct a dummy variable that is equal to one in the five years after a country first exceeds the 25 percent threshold for fuel exports, or the 10 percent threshold for ores and metals (even if the other threshold is already exceeded). Thus this dummy is zero for countries that do not specialize in natural resource exports and also for those that have been exporting resources of the specified type for more than five years. In table 5 this dummy is added to the regressions in table 1, together with an interaction term between this dummy and political stability, which is designed to test whether political stability affects the behavior of new commodity exporters. Neither of these new variables is significant, even at the 10 percent level, for total revenues or total expenditures, but they are each significant at 10 percent level for the fiscal balance. The interaction term has a positive coefficient, and the new commodity exporter dummy has a negative one. This suggests that with low political stability (below 11.91/0.176 = 68) new commodity exporters have somewhat worse fiscal balances, whereas those with high political stability have slightly better ones.
These results imply that new fuel exporters shift to the higher revenue and expenditure patterns of fuel exporters as soon as they become significant fuel exporters. We have also investigated whether there is an anticipation effect whereby new fuel exporters start to take on the fiscal characteristics of fuel exporters in the three years before extraction begins, but we found no evidence of it (results not shown). revenues. For both of these, the coefficient of the interaction term is significantly negative at the 1 percent level. Since this coefficient is about half the size of the positive political stability coefficient for both revenues and expenditures, the effect is to reduce the estimated political stability coefficient for fuel exporters to about half that for the rest of the sample. Thus political stability is not so strongly associated with higher government revenues and expenditures in fuel exporters as it is in other countries. Note: Figures in parentheses are robust t-statistics. *, **, ***: significant at 10, 5, and 1 percent respectively. Annual data from 1996-2013 for low-and middle-income countries. RMSE = root mean square error, or sample standard deviation. 
Oil Price Effects
Oil prices have fluctuated quite markedly over the period, as have the prices of other commodities.
In particular, oil prices were nearly three times as high in real terms on average over the period 2005-13 as in the years 1996-2005. In tables 9 and 10, we explore whether the relationship between fiscal aggregates and fuel exporting is different in the two halves of the data period, by including a dummy variable that is equal to one from 2005 onward, and equal to zero in the early years, together with an interaction term between this dummy and the fuel exporter dummy. The time trend that was included in earlier tables is omitted.
In less than the revenues of resource-poor countries, although not significantly so. Table 10 suggests that fuel exporters spent 4.9 percent of GDP more on government consumption and 1.7 percent of GDP more on government investment than resource-poor countries in the years 1996-2004, but there was a shift in the second period, when fuel exporters spent only 1.3 percent (= 4.9 -3.6) of GDP more on consumption and 2.8 percent (= 1.7 + 1.1) more on investment. This implies that in 2005-12 the extra revenues of fuel exporters (+9.0 percent of GDP) were overwhelmingly saved (fiscal balance +5.0 percent of GDP and investment +2.8 percent of GDP).
An interesting question is how fiscal variables in fuel-exporting countries react in the short term to changes in the real price of oil. Table 11 shows that revenue is strongly correlated with the real oil price, as one might expect, but that expenditure reacts only with a lag. Consequently the fiscal balance improves in the first year when the oil price rises. Table 12 looks at oil price effects on different types of expenditure. Both capital and consumption expenditure increase significantly in the year after an oil price increase. A second lag of the oil price is not significant (results not shown).
These results are consistent with the analysis of surges in natural resource revenues in IMF (2012), which reports that savings increase more than investment, particularly for short-lived surges. If investment can be undertaken efficiently in developing countries, it is likely to have a high return, and a substantial increase in public investment may be an optimal response to a resource boom (Berg et al., 2013) . Note: Figures in parentheses are robust t-statistics. *, **, ***: significant at 10, 5, and 1 percent respectively. Annual data from 1996-2013 for low-and middle-income countries. RMSE = root mean square error, or sample standard deviation. percent of total exports. RMSE = root mean square error, or sample standard deviation.
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Discussion
Laxity of fiscal policy has always been suspected as being a significant dimension of the natural resource curse. Previously, lack of sufficient data had inhibited empirical work on this issue. We have investigated the fiscal balance and total revenues and expenditures of general governments, as a proportion of GDP, in low-and middle-income countries from 1996 to 2012. Specialization in the exports of ores and metals, defined by the share of ores and metals exceeding 10 percent of exports, shows no particular correlation with total revenues or expenditures. Specialization in fuel exports, defined as fuel representing more than 25 percent of exports, is strongly and robustly associated with higher government revenues and expenditures. This difference may reflect the fact that, in the case of fuel, the rents from extraction are more likely to accrue to the government.
Nevertheless, the estimated expenditure effect of being a fuel exporter is only about half the estimated revenue effect, so that the fiscal balance is estimated to be better among fuel exporters than in the rest of the sample. The extra expenditure of fuel exporters appears to be about evenly split between consumption and capital expenditure; since capital expenditure is typically much smaller than consumption expenditure, this implies a larger proportionate increase for capital It is also the case that ores and metals exporters have significantly higher capital expenditure and lower consumption expenditure than countries that do not specialize in exporting minerals or fuel.
This implies that government saving is higher in ores and metals exporters than in resource-poor countries, given that there is no significant difference between them in total revenues and expenditures.
There is little evidence that countries that have recently (within five years) become specialists in exporting fuel or minerals are any different from established specialists. Other features of the data are that more politically stable countries and those on a hard-peg exchange-rate regime tend to have better fiscal balances. In the case of hard pegs, this is because both revenues and expenditures are smaller, but the expenditure effect is bigger. Political stability, on the other hand, is associated with higher revenues and, to a lesser extent, expenditures. The political stability effect is somewhat weaker for fuel exporters than for the rest of the sample. There is also a clear upward trend over time in the size of government, as measured by total expenditure and revenue. On the expenditure side, the upward trend is concentrated on consumption expenditure rather than capital expenditure.
The revenues of fuel exporters respond immediately to changes in the real price of oil, as one might expect, and expenditures respond with a lag of approximately one year. There is no evidence of asymmetry between rises and falls in oil prices, or that the effect varies with political instability.
Country Studies
In this section we briefly consider some individual resource-rich countries whose recent fiscal performance might be of interest. After a foreign investment boom in the mining sector, Mongolia relies heavily (more than 50 percent) on the export of ores and metals, but its fiscal position has recently deteriorated. Ghana has been a major exporter of oil only since 2010, but has seen a rapidly expanding fiscal deficit in that time. We also discuss three countries with a relatively sound fiscal position: Paraguay, which like Ghana exported oil in large quantities since 2010 only; Bolivia, which for many years relied on exports of gas (about 50 percent) and ores and metals (30 percent);
and Tanzania, where the share of ores and metals has increased to about 30 percent of total exports in recent years.
In were -3.2, -3.6, -2.2, and -2.2 percent of GDP, respectively, which indicates a somewhat worse performance than predicted by the model.
Some Robustness Tests
In this section we report the results of some additional regressions. It is likely that fiscal variables exhibit strong serial correlation. Accordingly, in tables 13 and 14 a lagged dependent variable is added to the regressions shown in tables 1 and 2. It is always extremely significant, with a coefficient of more than 0.8 for revenue and all types of expenditure and of slightly less than 0.6 for the fiscal balance. Its inclusion improves the R-squared dramatically, but it tends to make the other variables rather less significant. Table 16 is a first-difference specification for fuel exporters with country fixed effects. It also considers the possibility of asymmetry between price rises and price falls, but the difference is not statistically significant. The main result is that the change in the fiscal balance and the change in total revenues are both positively correlated with changes in the real price of oil. This result is not surprising, in view of the previous tables. Changes in total expenditures are never positively correlated with changes in the real oil price, even with a one-year lag. Table 17 uses the first-difference specification to investigate interactions between political stability and oil price changes; the interaction variable is never statistically significant. 
Conclusions
The evidence does not support the notion that natural resource wealth promotes fiscal indiscipline in general. The permanent income theory suggests that the appropriate response to a resource windfall should depend on how long it lasts. A temporary windfall should be largely saved since the permanent increase in consumption will be small compared with the windfall. The less temporary the windfall is, the larger the proportion that it is appropriate to take in increased consumption.
Our results suggest that fuel exporters save about half of the government revenue gains in the form of a stronger fiscal balance, and about half of the remainder in the form of investment, so that only about a quarter is consumed. Moreover, the proportion saved has increased from about 60 percent in 1996-2004 to about 85 percent in 2005-12. Although ores and metals exporters' fiscal balances are on average similar to those of resource-poor countries, the composition of their government expenditure is different. They have significantly higher capital expenditure and significantly lower consumption expenditure. The difference between exporters of oil and exporters of ores and minerals may reflect differences in the higher average level and volatility of rents for fuel exporters, but we have not explicitly investigated this.
A significant caveat is that our data mostly cover a period of relatively high commodity prices. The recent fall in commodity prices may lead to lower government saving in resource-rich countries relative to resource-poor ones.
The response of fuel exporters to fluctuations in the real price of oil was also examined. Revenue is immediately affected, and expenditure reacts with a lag of one year. Consumption as well as capital expenditures are positively correlated with the lagged oil price.
The case studies show that the diverse fiscal experiences of resource-rich countries are largely unexplained by the model. Countries such as Ghana and Mongolia, which have run large fiscal deficits in recent years, display large negative residuals, while other more disciplined countries, such as Bolivia and Paraguay, do not.
Appendix. A Theoretical Model
This model shows that the price dynamics in a commodity market depends on what each supplier thinks other suppliers will do, and are therefore likely to be unstable.
Let demand (D) be a decreasing function of price (p), plus an intercept that follows a random walk:
Supply (S) is an increasing function of the capital invested in the last period (K):
The solution for the price is then:
where ∑ Capital lasts one period, and different projects vary in cost, so that the amount of capital invested increases with the expectation of the future price:
Substituting from (A4) into (A3) and taking expectations gives the rational expectations solution: * ; *
